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^ (54) rule: HUMAN ION CHANNELS 

o 

O (57) Abstract: The present invention provides novel ion channel polypeptides and polynucleotides that identify and encode them. In 
J> addition, the invention provides expression vectors, host cells and methods for their production. The invention also provides methods 
1^ for the identification of ion channel ^nists/antagonists, useful for the treatment of human diseases and conditions. 
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HOMAN ION CHANNELS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present appKcation claims priority of: Application Serial No. 60/207, 1 52, 

filed 2000 May 26; Application Serial No. 60/207,257, filed 2000 May 26; and AppKcation 
Serial No. 60^07,1 19, filed 2000 May 26; each of which is hereby incorporated by reference 
in its entirety. 

WELD OF THE INVENTION 

[0002] The present invention is directed, in part^ to nucleic acid molecules encoding 

ion channels^ the novel polypeptides of these human ion channels, and assays for screening 
compounds that bind to these polypeptides and/or modulate their activities. 

BACKGROUND OF THE INVENTION 

[0003] Ion channels are "molecular g^tes" that regulate flie flow of ions into and out 

of cells. Ion flow plays an important role in all brain cell communication necessary for 
leamiag and memory. Additionally, ion flow is iiiq)ortant in many physiological processes 
including, but not limited to, heart rate and body movement Aberrations in ion channels 
have been implicated in, amongst other disorders, ^ilepsy, schizophrenia, Alzheimer's 
disease, migraine, arrhythmia, diabetes, and stroke damage. Ions flow down their 
electrochemical gradient through the ion channels (passive transport). The core of the 
chaimel is hydiophiUc, and contains a part of the protein, the selectivity filter, which 
recognizes only certain ions and allows fliem to pass through. Channels are named by the 
ion(s) they allow to pass. Examples of ion channels include, but are not limited to, calcium 
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channels, potassium channels, sodium channels, chloride channels, etc. An additional 
component of Ihe channel is Ihe gate. Only when flbe gate is open can flie ions recognized by 
the selectivity filter pass through Ihe channel. Gates open in response to a variety of stimuli, 
including, but not limited to, changes in membrane potential or the presence of certain 
chemicals outside or inside the cell. Channel names often also include an indic^on of what 
controls the gate: eg., "voltage-gated calcium channel." Presently, more than 50 dilBferent 
types of ion channels have been identified. 

[0004] Communication between neurons is achieved by the release of 

neurotransmitters into the synapse. These neiurotransmitters then activate receptors on the 
post-synaptic neuron. Many such receptors contain pores to rapidly conduct ions, such as 
sodium, calcixmi, potassium, and chloride, into the neuron. These pores, or channels, are 
made of protein subunits ttiat are members of the j&mily of proteins generally referred to as 
neurotransmitter-gated ion channel proteins. Included in this family are the serotonin 5-HT3 
receptor, the gamma-aminobu^c-acid (GABA) receptor subunits, including gamma-1, rho- 
3, and beta-like, and the acetylcholine receptor protein subunits, including alpha-9 chain, 
epsilon chain, and beta-2 chain. 

[0005] Hie neurotcansmitter-gated ion channel superfemily includes 5-HT3, GABAa, 

glutamate, glycine, and nicotinic acetylcholine receptor &milies. Within this superfemily, 
fimctional receptors are formed by homo- or heteropentamers of subimits having four 
transmembrane domains and an extracellular ligand-binding domain. Hie transmembrane 
domains of these receptors contribute to the formation of an ion pore. 
[0006] Serotonin, also Imown as 5-hydro>tytryptainine or 5-HT, 

that functions as a neurotransmitter, a mitogen and a hormone (Conley (1995) The Ion 
Channels FactsBook Vol. 1. Extracellular Ligand-Gated Channels, Academic Press, London 
and San Diego, pp. 426). Serotonin activates a large number of receptors, most of which are 
coupled to activation of G-proteins. However, 5-HT3 receptors are structurally distinct and 
belong to the nojrotransmitter-gated ion channel super&mily. 5-HT3 receptors are expressed 
both pre- and post-synaptically on central and peripheral neurons. Postsynaptic 5-IlT3 
receptors achieve their efifects by inducing excitatory potentials in the post-synaptic neuron, 
whereas pie-synaptic 5-HT3 receptors modulate the release of other neurotransmitters fix)m 
the pre-synaptic neuron (Conley, 1995). 5-HT3 receptors have important roles in pain 
reception, cognition, cranial motor neuron activity, sensory processing aid modulation of 
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affect (Conley, 1995). Thus, ligands or drugs that modulate SHT3 receptors may be useful 
in treating pain, nemopafhies, migraine, cognitive disorders, learning and memory deficits, 
Alzheimer's disease, Parkinson's disease, amyotrophic hteral sclerosis, emesis, cranial 
neuropathies, sensory deficits, amdety, depression, schizophrenia, and oflier affective 
disorders. 

[0007] Nicotinic acetylcholine receptors (AChR) are distinguished fix)m other 

aceWlchoHne receptors by their afBnity for nicotine and their structure — homo- or hetero- 
pentamers like all members of the neuxotransmitter-gated ion chaimel superfemily. Nicotinic 
AChRs are found at the neuromuscular junction on skeletal muscle and on peripheral and 
central neurons. These receptors form nonselective cation channels and therefore induce 
excitatory currents when activated. Nicotinic AChRs are receptors for anesthetics, sedatives, 
and hallucinogens (Conley, 1995), and certain ligands have shown in:qm)vements in leammg 
and memory in animals (Levin e^ a/.. Behavioral Pharmacology, 1999, 10:675-780). Thus, 
ligands or drugs that modulate nicotinic AChRs could be usefiil for anesthesia, sedation, 
improving learning and memory, inqjroving cognition, schizophrenia, anxiety, depression, 
attention deficit hyperactivity disorder, and addiction or smoking cessatioiL Expression of 
AChR subunits is regulated during development enabling the design of Ugands or drugs 
specifically targeted for particular developmental stages or diseases. 
[0008] The neurotransmitter y-aminobutyric acid (GAB A) activates a family of 

neurotransmitter-gated ion channels (GABAa) and a family of G protein-coupled receitors 
(GABAb) (Conley, 1995). GABAa receptors form chloride channels that induce inhibitory 
or hyperpolarizmg currents when stimulated by GABA or GAB Aa receptor agonists (Conley, 
1 995). GABAa receptors are modulated by benzodiazepines, barbiturates, picrotoxin, and 
bicucuilline (Conley, 1995). Thus, ligands or drugs that modulate GABAa receptors could be 
useful in sedation, anxiety, epilepsy, seizures, alcohol addiction or withdrawal, panic 
disorders, pre-menstrual syndrome, migraine, and other diseases characterized by hyper- 
excitability of central or peripheral neurons. The pharmacology of GABAa receptors is 
affected by changing the subunit composition of the receptor. GABA receptor rho subunits 
are relatively specifically expressed in the retina (Cutting a/., 1991, Proc. Nati. Acad. Sci. 
USA, 88:2673-7), and the pharmacology of rho receptor homomultimers resembles that of 
so^ed GABAc receptors (Shimada et a/., 1992, Mol. Pharmacol. 41:683-7). Therefore, 
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GABA receptois consisting of ±o subunits may be useful targets for discovering ligands or 
drugs to treat visual defects, macular degeneration, ^aucoma, and other retinal disorders. 
[0009] Potassium channels are proteins that form a pore allowing potassium ioiis to 

pass into or out of a cell. Potassium channels are comprised of an alpha- (or pore-forming) 
subunit, and are often associated with a betar subunit Three types of potassium ion pore- 
forming alpha-subunits have been described, exemplified by OieShaker channel (Jan, LY and 
Jan, YN. Yoltage-gated and inwardly-xectifying potassium chaimels. J. Physiol. London 
1997; 505:267-282), the inward-rectifier (ibid), and the two-pore (Fink M., Duprat, F., 
Lesage, F., Reyes, R., Romey, G., Heurteaux, C. and Lazdunski, M. Cloning, functional 
expression and brain localization of a novel outward rectifier K channel. EMBO J . 1 996; 
15:6854) chaimels. There are at least several members m each of these por^fonning 
&milies. These pores are comprised of a characteristic number of transmembrane-spanning 
domains; six transmembrane-spanning domains {Shaker\ four transmembrane-spannmg 
domains (two-pore) or two transmembrane-^anning domains (inward rectifier). 
Transmembiane-spaiming domains are regions of the protein that traverse the plasma 
membrane of the cell. Hence, potassium channels wiA aiS7idter-type alpha subunit are 
sometimes referred to as 6Tm-lP (for 6 transmembrane-spanning domains-1 pore), inward- 
rectifier channels as 2Tm-lP and two-pore channels as 4Tm-2P. 
[00010] The 4Tm-2P femily of potassium channels was initially discovered in the 
nematode C. elegans ( Salkofl^ L. and Jegla, T. 1995,Neuron, 15: 489), but have also been 
found m yeast, Drosophila melanogaster, bacteria, plants and mammalian cells (Lesage F 
and Lazdunski M. (1999). 'Totassium Ion Chaimels, Molecular Structure, Function, and 
Diseases" in Current Topics in Membranes 46; 199-222 ed. Kurachi, Y., Jan, LY., and 
Lazdunski, M.). In addition to the different biophysical characteristics described above the 
4Tm-2P femily of potassium chaimels have different physiological characteristics as well. 
For example they are regulated by H*^ ions, extracellular K*^ and Na^ ions, and also by protein 
kinase c and protein kmase a activators. 4Tm-2P potassium chaimels are time and voltage 
independent, and thus remain open at all membrane potentials. Because of this, these 
potassium channels are postulated to be responsible for flie background potassium ion 
currents that are thought to set the resting membrane potential (LesageeT a/., (1999), 
•Totassium Ion Channels, Molecidar Structure, Function, and Diseases" in Current Topics in 
Membranes 46; 199-222 ed, Kurachi, Y., Jan,LY., and Lazdunski, M.). 
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[00011] Potential uses for Ihe channels described herein include the discovery of 
agents tiiat modify flie activity of flie channels. Two previously described members of this 
family (TASK and TREK-1) are activated by volatile general anesthetics such as chloroferm 
halothane and isoflurane (Patel et al. Nature Neuroscience, 1999, 2:422-426), implicating 
these channels as a site of activity for these anesthetics. In addition, compomids tiiat modify 
the activity of these channels may also be useful for the control of neuromotor diseases 
including epilepsy and neurodegenerative diseases including Paikmson's and Alzheimer*s. 
Also compounds that modulate the activity of these channels may treat diseases including but 
not limited to cardiovascular arrhythmias, stroke, and endocrine and muscular disorders. 
[00012] Therefore, ion chaimels may be useful targets for discovering ligands or drugs 
to treat many diverse disorders and defects, including schizophrenia, depression, anxiety, 
attention deficit hyperactivity disorder, migraine, stroke, ischemia, and neurodegenerative 
disease such as Alzhenner's disease, Parkinson's disease, glaucoma and macular ' 
degeneration. In addition compounds which modulate ion channels can be used for the 
treatment of cardiovascular diseases including ischemia, congestive heart feilure, arrhythmia, 
high blood pressure and restenosis. 

SUMIMARY OF THE INVENTION 

[00013] The present invention relates to an isolated nucleic acid molecule that 
comprises a nucleotide sequence that encodes a polypeptide comprising an amino acid 
sequence homologous to a sequence selected from the group consisting of SEQ ID NO:20 to 
SEQ ID NO:38- or a fragment thereof. The nucleic acid molecule encodes at least a portion 
of ion-x(wherexis 157, 158, 159, 160, 161,162, 163, 164, 165, 166, 167, 168, 169, 170, 
171, 172, 173, 174, and 175). In some embodiments, the nucleic acid molecule comprises a 
sequence that encodes a polypeptide comprising a sequence selected from the group 
consisting of SEQ ID NO:20 to SEQ ID NO:38, or a fragment thereof. In some 
embodiments, the nucleic acid molecule comprises a sequence homologous to a sequence 
selected from the group consisting of SEQ ID N0:1 to SEQ ID NO:19, or a fragment thereof. 
In some embodiments, the nucleic acid molecule comprises a sequence selected from the 
group consisting of SEQ ID NO:l to SEQ ID N0:19, and fragments thereof. 
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[00014] According to some embodiments, the piesent invention provides vectors 
which comprise the nucleic acid molecule of fte invention. In some embodiments, tiie vector 
is an expression vector. 

[00015] According to some embodiments, the present invention provides host cells 
which comprise the vectors of the invention. In some embodiments, the host cells comprise 
expression vectors. 

[00016] The present invention provides an isolated nucleic acid molecule comprising a 
nucleotide sequence complementary to at least a portion of a sequence selected from the 
group consisting of SEQ ID NO:l to SEQ ID N0:19, said portion comprising at least 10 
nucleotides. 

[00017] The present invoition provides a method of producing a polypeptide 
comprising a sequence selected from Ihe group consistmg of SEQ ID NO:20 to SEQ ID 
NO:38,or a homolog or fragment thereof. The method comprisiag the steps of iatroducing a 
recombinant expression vector lhat includes a nucleotide sequence that encodes the 
polypeptide into a compatible host cell, growing the host cell under conditions for expression 
of the polypeptide and recovering the polypeptide. 

[00018] The present invention provides an isolated antibocfy which binds to an epitope 
on a polypeptide comprising a sequence selected from the gjcoup consisting of SEQ ID NO:20 
to SEQ ID NO:38,or a homolog or fragment thereof 

[00019] The present invention provides an method of inducing an immune response in 
a T"^^ TTmial ^aimt a polypeptide comprising a sequence selected from the group consisting of 
SEQ ID NO:20 to SEQIDNO:38, orahcjmolpg or fragment thereof The method comprises 
administering to a Tnammal an amount of flie polypeptide sufficient to induce said immune 
response. 

[00020] The present invention provides a method for identifying a compound which 
binds ion-x. The method comprises the steps of. contacting ion-x with a corapom 
determining whether flie compound binds ion-x. CompoiQids identified as binding ion-x may 
be further tested in other assays inchiding, but not limited to, in vivo models, in order to 
confirm or quantitate their activity. 

[00021] The present invention provides a method for identifying a compound which 
binds a nucleic acid molecule encoding ion-x. The method comprises the steps of contacting 
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said nucleic acid molecule encoding ion-x with a compound and determining whether said 
compoimd binds said nucldc acid molecule. 

[00022] The present invention provides a method for identifying a compound tiiat 
modulates the activity of ion-x. The method comprises the steps of contacting ion-x with a 
compound and detemuning whether ionrx activity has been modulated. Compounds 
identified as modulating ion-x activity may be further tested in other Assays including, but not 
limited to, in vivo models, in order to confirm or quantitate their activity. 
[00023] The present invention provides a method of identifying an animal homolog of 
ion-x. The method comprises the steps screening a nucleic acid database of the animal with a 
sequence selected fiom the group consisting of SEQ ID N0:1 to SEQ ID NO: 19, or a portion 
thereof and determining whether a portion of said library or database is homologous to said 
sequence selected from tiie group consisting of SEQ ID NO : 1 to SEQ ID NO: 1 9, or portion 
thereof 

[00024] The present invention provides a method of identifymg an animal homolog of 
ion-x. The methods comprises the steps screening a nucleic acid library of the animal with a 
nucleic acid molecule havmg a sequence selected &om the group consisting of SEQ ID NO: 1 
to SEQ ID N0:19, or a portion thereof and determining wheAer a portion of said Ubraiy or 
database is homologous to said sequence selected fiom tfie group consisting of SEQ ID NO: 1 
to SEQ ID NO:19, or a portion thereof 

[00025] Another aspect of the present iavention relates to mefliods of screening a 
human subject to diagnose a disorder affecting the brain or genetic predisposition therefor. 
The methodis comprise the steps of assaying nucleic acid of a hurnan subject to determine a 
presence or an absence of a mutation altering an amino acid sequence, expression, or 
biological activity of at least one ion channel that is expressed in the braiit The ion channels 
comprise an amino acid sequence selected fiom the group consisting of: SEQ ID NO:20 to 
SEQ ID NO:38, and allelic variants thereof A diagnosis of flie disorder or predisposition is 
made fix)mflie presence ox absence of the mutation. The presence of a mutation altering the 
amino acid sequence, expression, or biological activity of the ion channel in the nudeic acid 
correlates with an increased risk of developing the disorder. 

[00026] The present invention further relates to methods of screening fox an ion-x 
mental disorder genotype m a human patient Tlie methods comprise the steps of providing a 
biological sample comprising nucleic acid fiom the patient, in which the nucleic acid includes 
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240 
300 



ttgcaaaaat gtagtggata ccactgataa gtacac±ccc tctataacat ttcttcacat 
cacttccaga tctgcaactc agagatttac actggctcct tagttgataa gggtaagcaa 

aatatggcca aataagacta catagtaaag ggagtgatga tcacgataaa gttttaagat 360 

gtcaacttgg atggaaatct cagataattt cagcaacatt gaaaactgaa tatggaatat 420 

'agtttttttt tgccatggat aattcagttc ccaaagaact ggtgt agate aatttctttc 480 

tggtggccac aaaaatgttt gcattgcatt atctcgaact cctgggctca agcaatccca 540 

aagtgctgcc tcgacctccc aaagtgctgg gattacaggc gtgagccacc actccgtggc 600 

ctcattgcct tat at cat at gtgtc 625 

<210> 16 

<211> 679 

<212> DNA 

<213> HomD sapiens 

<400> 16 

ttgtgctagc agtgagcaag gctctgtggg tgtgggactc acctagccag gcatgggagg 60 
gaatctcctg gtctgccggg tgcgaagacc ataggagaag tgcattattt ggacaggggt 120 
gtaccattcc tccaggtaca grtctgtcacg gcttcccttg gataagaaag ggaaatcccc 180 
tgaccccttg tgcttcccgg gtgaggtgac gccctaccct gcttcagctt gctctccatg 240 
ggctgcaccc cctgtccaac cagtcccaat gagatgaacc aggaatctca gttggaaatg 300 
cagaaatcac ccatcttttg cgtcaatctc gctgggagct gcagaccaaa gctattcgta 360 
ttcagccatc ttggcagcga ccagtaattc tatttttaat tctttgagga actattgtaa 420 
gttttccaca gtagctgcac cattttacat tcccaccagc agtgaagaag agtactaatt 
tttacacatt cttaattaca gccaccttcg tgggtgtaac agggtatctc actatggcct 
tgatttgtgt ttccctaatg atgagtgatg* tcgagtagct tttcatgtgt gtactggcca 
tgcatgcatg tatctttgca gaaatatcga ttcaagccta ttgcccatct ttggtcatgt 
tgtttgctct gtttttgtt 679 

<210> 17 

<211> 598 

<212> DNA 

<213> Homo sapiens 

<400> 17 

aggaagtgtt aaaggaaata agaaaatatt ttgaactgaa tgaaaacaaa attacagtat 60 
atcaaaattt gttggaagca actaaagcat tgtttagaga gaagtttgta gcattaaatg 120 
cttatatgag ggaagaagaa aggttttcaa tcaatactct aagttttcat tttgtgaaac 
tagagaagaa aagcaaattc aacccaacat aagcagaaga aaggaaataa ttaagagcag 
aaatcaataa aattgcaaac caaagaaatg aaagcatgag aaagacattt tcaaacagaa 
tctgacaaaa ttcattacca cagccccaca ttttcttaaa ggaaatgact aaaacaagtt 
cttcggatag aagcaaaatg attctgcatg aaaacagaga tatagagtat tagttcccac 
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ttgccgctgt aataaatggc 



cacaaacatc 



ataatttaaa acaatgtgcg tgtattatct 



480 



tacggctctg gagattggga agtctgacat ggttctcact gagctttaaa atctgtgtcc 540 



<210> 18 

<211> 457 

<212> DNA 

<213> Homo sapiens 

<400> 18 



agcttctcca gcctgtaaaa 


'tatggcacat 


aattctgatt tggaagggtg gtttcgaggg 


60 


-bgaactgagg gaatgaa'tgt 


acagggtgcc 


ctgcacagtg cccagcacag aaaaggaggg 


120 


ccttggtaag tatcagctgc 


ccacatctac 


agtgggttag aatgagggcc ctgggggttg 


180 


ggcccaggag tggggctgtg 


gtggtgagtg 


gacagggctg ggctggaaat gtcccctgag 


240 


tgccccctct cacctcaggc 


tatggcaacc 


tgagccccaa cacgatggct gcccgcctct 


300 


tctgcatctt ctttgccctt 


gtggggatcc 


cactcaacct cgtggtgctc aaccgactgg 


360 


ggcatctcat gcagcaggga 


gtaaaccact 


gggccagcag gctggggggc acctggcagg 


420 


tgagggggct gctggacggg 


gtggggatgg 


gtcactt 


457 


<210> 19 

Vi. ^ X -L^^ ^ ^ V 

<212> DNA 

<213> Homo sapiens 








<400> 19 

aacttggctc tcataaggga 


tttgtctcca 


agactgaagg tctcaggtga caggctgcat 


60 


gaccctgaaa gacaacacaa 


gaaaaccagc 


tcagccagtg tctgtcacct gagagataat 


120 


gaaaccttca ctttttaaca 


aggtggtaaa 


acttcccttt tgcaaagaat agcat:aacat 


180 


ttttgtatat gtcaatcagc 


ctgttttgca 


ccaacttgaa agcaatgaac acaatctcca 


240 


ttccaacgal: gatataaatg 


gagaagaaca 


ggaagaagtt agggtgttct aaaacagtat 


300 


ccccaaaccc aatggtggtg 


agtgtgacaa 


agcagaaata gaaggcattc tcgaaatcca 


360 


actgtgtctc ccagaagggg 


aggatggcag 


ctgcacagga aatgtaggca aaaacaataa 


420 


gggcaatgat ggggaggggg 


gatgtccaac 


ctctccacct gctgtccaac ttcatccagg 


480 


ttgctgatga tggagtatga 


gagtcttccc 


aacaccagtt cgggacacga gttactcctc 


540 



tccatggctt 



<210> 20 

<211> 36 

<212> PRT 

<213> Homo sapiens 

<400> 20 

Pro Tyx Lys Trp Pro Phe His Phe Ala Phe Phe His Gin lie Leu Ala 
15 10 15 

Thr Ser Thr lie Ala Met Ser His Cys Arg Pro Thr Val Tyr Lys Gin 
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acggtgctgc attcccttct 



ggagactcca 



ggggataagt ctgtttcttg actttgct 



598 
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Thr Ser lie lie 
35 

<210> 21 

<211> 46 

<212> PRT 

<213> Homo sapiens^ 

<400> 21 

lie Arg His Leu Phe Gly Arg Glu Trp Phe Leu Ala His . Pro Ser Lys 
1 5 10 15 

Thr His Leu Leu Cys Cys Cys Arg His Gly Val Ser Leu Val lie Leu 
20 25 30 

Phe Ser Ser Ala Glu Tyr Asp Met Arg Glu Val Asn Ser Ala 
35 40 45 

<210> 22 

<211> 22 

<212> PRT 

<213> Homo sapiens 

<400> 22 

Tvr Val Ala Phe Ser Phe Leu Tyr lie Leu Leu Gly Leu Thr Val lie 
1 5 • 10 15 

Gly Ala Phe Leu Asn Leu 
20 

<210> 23 

<211> 29 

<212> PRT 

<213> Homo sapiens 

<400> 23 

He Ser Thr Val Gly Tyr Gly Asp Met Tyr Pro Glu Thr His Leu Gly 
1 5 10 15 

Arg Phe Phe Ala Phe Leu Cys He Ala Phe Gly He He 
20 25 

<210> 24 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<400> 24 

Trp Asp Phe Pro Gly Ala Phe Tyr Phe Val Gly Thr Val Val Ser Thr 
15 10 15 

He Gly 



<210> 25. 

<211> 40 

<212> PRT 

<213> Homo sapiens 

<400> 25 

He Pro Gly Ala Asp Pro Arg Gin Asp Ser Pro Ala Tyr Gin Pro Leu 
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1 5 10 15 

Val Trp Phe Trp lie Leu Leu Gly Leu Ala Tyr Phe Ala Ser Val Leu 
20 25 30 

Thr Thr lie Gly Asn Trp Leu Arg 
35 40 

<210> 26 

<211> 18 

<212> PRT 

<213> Hoiao sapiens 

<400> 26 

Trr^ Gl" L«" Val Glv Ser Phe Phe Phe Ser Val Ser Thr lie Thr Thr 
i " 5 ' 10 15 

lie Gly 



<210> 27 

<211> 25 

<212> PRT 

<213> HoiDO sapiens 

<400> 27 

Lys Ser Leu Leu Phe Leu Thr Val Gin He Phe Ala Val Ser His Cys 
1 5 10 15 

Leu Thr Leu Gly Arg Phe Leu Asn Leu 
20 25 

.<210> 28 
<211> 18 
<212> PRT 
<213> Homo sapiens 

<400> 28 

Trp Ser Phe Leu Ser Ser Leu Phe Phe Cys Cys Thr Val Phe Ser Thr 
1 5 10 15 

Val Gly 



<210> 29 

<211> 31 

<212> PRT 

<213> Homo sapiens 

<400> 29 

Ser He Pro Glu Ser Phe Trp Trp Ala Val Val Thr Met Thr Thr Val 
1 5 10 15 

Gly Tyr Gly Asp Met Ala Pro Val Thr Val Gly Gly Lys He Val 
20 25 30 

<210> 30 

<211> 18 

<212> PRT 

<213> Homo sapiens 

<400> 30 

Trp Asp Phe Gly Ser Ser Phe Phe Phe Ala Gly Thr Val Val Thr Thr 
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lie Gly 



<210> 31 

<211> 28 

<212> PRT 

<213> Homo sapiens 



<400> 31 



Val He Lys Ser Asn Sex Gin Gin His lie Lys Lys Leu He His Tyr 
15 10 15 

Asn Gin Val Gly Phe He Ser Gly Met Asp Trp Phe 

20 25 



<210> 32 

<211> 27 

<212> PRT 

<213> Homo sapiens 



<400> 32 



Asp Gin Val Arg lieu He Pro Gly Met Gin Thr Trp Phe Asn He Gin 
1 5 10 15 

Lys Ser He Asn Val Leu His His Lys He Val 
20 25 



<210> 33 

<211> 22 

<212> PRT 

<213> Homo sapiens 



<400> 33 

Arg Trp Ser Phe Ala Leu Val Ala Gin Ala Gly Val Glu Trp His Asn 
15 10 15 



Leu Arg Ser Arg Gin Pro 
20 

<210> 34 

<211> 21 

<212> PRT 

<213> Homo sapiens 



<400> 34 



Gly Ash Glu Ala Thr Glu Trp Trp Leu Thr Pro Val He Pro Ala Leu 
1 5 10 15 

Trp Glu Val Glu Ala 
20 

<210> 35 

<211> 51 

<212> PRT 

<213> Homo sapiens 



<400> 35 



Val He Ser Ala Phe Pro Thr Glu He Pro Gly Ser Ser His Trp Asp 
15 10 15 

Trp Leu Asp Arg Gly Cys Ser Pro Trp Arg Ala Ser Ser Arg Val Gly 
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^20 25 30 

Arg His Leu Thr Arg Glu Ala Gin Gly Val Arg Gly Phe Pro Phe Leu 
35 40 45 

lie Gin Gly 
50 

<210> 36 

<211> 68 

<212> PRT 

<213> Homo sapiens 

■<400> 36 

Glu Val Leu Lys Glu lie Arg Lys Tyr Phe Glu Leu Asn Glu Ash Lys 
1 5 10 iiJ 

lie Thr Val Tyr Gin Asn Leu Leu Glu Ala Thr Lys Ala Leu Phe Arg 
20 25 30 

Glu Lys Phe Val Ala Leu Asn Ala Tyr Met Arg Glu Glu Glu Arg Phe 
35 40 45 

Ser lie Asn Thr Leu Ser Phe His Phe Val Lys Leu Glu Lys Lys .Ser 
50 s 55 

Lys Phe Asn Pro 

'65 

<210> 37 

<211> 44 

<212> PRT 

<213> Homo sapiens 

<400> 37 

Glv Tvr Glv Asn Leu Ser Pro Asn Thr Met Ala Ala Arg Lpu Phe Cys 
15 10 15 

He Phe Phe Ala Leu Val Gly He Pro Leu Asn Leu Val Val Leu Asn 
20 25 30 

Arg Leu Gly His Leu Met Gin Gin Gly Val Asn His 
35 40 

<210> 38 

<211> 55 

<212> PRT 

<213> Hamo sapiens 

<400> 38 

He Ser Cys Ala Ala Ala He Leu Pro Phe Trp Glu Thr Gin Leu Asp 
15 10 15 

Phe Glu Asn Ala Phe Tyr Phe Cys Phe Val Thr Leu Thr Thr He Gly 
20 25 30 

Phe Gly Asp Thr Val Leu Glu His Pro Asn Phe Phe Leu Phe Phe Ser 
35 40 45 

He Tyr He He Val Gly Met 
50 55 

<210> 39 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<221> inisc_feature 

<223> Primer 



<400> 39 

20 



cagtcggcgc tggcaacgag 



<210> 


40 


<211> 


28 


<212> 




<213> 


Artificial Sequence 


<220> 




<221> 


niisc_feature 


<223> 


Primer 



<400> 40 

tacgtggcct tcagcttcct ctacatcc 



<2ia> 


41 


<211> 


25 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<221> 


misc feature 


<223> 


Primer 



<400> 41 

caagaaaacc agctcagcca gtgtc 



<210> 42 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> misc_feature 

<223> Primer 



<400> 42 

cctccccatc attgccctta ttgt 24 
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